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ROS1 rearrangement, identified in ∼2% of non-small cell lung cancer (NSCLC), has

defined a distinctive molecular subtype. Patients with ROS1 fusion have been shown

to be highly sensitive to treatment with crizotinib. However, the efficacy of crizotinib in

NSCLC patients with double ROS1 fusions remains to be elucidated. Here, we report

a 40-year-old male diagnosed with stage IIIA lung adenocarcinoma. Two ROS1 fusions

[SDC4-ROS1 (EX2:EX32) and ROS1-GK (EX31:EX13)] were detected simultaneously in

tumor tissue of this patient by next-generation sequencing. Crizotinib was administered,

and the patient showed a partial response in lung lesions. Nevertheless, a brain

lesion was found at 8 months after treatment. The slightly short duration of response

may be related to the presence of ROS1-GK rearrangement. This case proved that

patients with SDC4-ROS1 and ROS1-GK fusions may be sensitive to crizotinib, but

short progression-free survival of this case showed that the presence of ROS1-GK

rearrangement may affect the efficacy of crizotinib. A large-scale investigation on the

efficacy of ROS1 inhibitors in patients with complex ROS1 fusions should be conducted

in the future.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related mortality worldwide, and non-small cell
lung cancer (NSCLC) represents the major histological subtype of the disease (1). The ROS
proto-oncogene 1, receptor tyrosine kinase (ROS1) gene has been proven to be a valuable
therapeutic target in NSCLC patients. The prevalence of ROS1 rearrangements is estimated to be
1–2% in NSCLC patients (2). CD74 is the most common ROS1 fusion partner. To date, at least
20 fusion partners have been reported in NSCLC, including SLC34A2, ADGRG6, and GOPC (3–5).
With the rapid development of gene sequencing technologies, more andmore ROS1 fusion partners
are being identified, with their responses to crizotinib reported in several case reports (6, 7).
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Crizotinib is an anaplastic lymphoma kinase
(ALK)/ROS1/MET inhibitor, and it has become the first targeted
agent approved by the US Food and Drug Administration for
the treatment of advanced ROS1-rearranged NSCLC (8, 9).
Despite dramatic response to crizotinib therapy in patients
with ROS1 rearrangements, the response duration varies among
patients with different clinical and genetic characteristics.
Compared to patients with CD74-ROS1 fusion, patients with
non-CD74-ROS1 fusion had a significantly longer progression-
free survival (PFS) (17.63 vs. 12.63 months, p = 0.048) and
overall survival (44.50 vs. 24.33 months, p = 0.036) (8). A
retrospective study investigated the influence of concomitant
mutations on crizotinib efficacy among 19 NSCLC patients with
ROS1 fusion. The result suggested that patients with exclusive
ROS1 fusion had a longer PFS than those with concomitant
mutations (15.5 vs. 8.5 months, p = 0.0213) (10). In addition,
the clinical characteristics related to crizotinib efficacy in
patients with ROS1-rearranged NSCLC were analyzed, and >2
baseline metastatic organ involvement was identified as the
only independent prognostic factor of PFS (hazard ratio, 4.762;
95% confidence interval, 1.515–14.961; p = 0.008) (11). The
report of worse clinical outcomes in ALK-rearranged NSCLC
patients whose tumors harbor nonreciprocal/reciprocal ALK
translocation, which leads to another gene fused to ALK gene,
reminded us to explore whether complex ROS1 fusions influence
the response of patients to crizotinib. In this study, we describe a
NSCLC patient with double ROS1 fusions who showed obvious
but unsustainable response to crizotinib.

CASE REPORT

A 40-year-old smoking man presented to our hospital
complaining of a 5-month history of aggravating and irritating
dry cough in April 2019. In 1999, he underwent surgery

FIGURE 1 | Lung adenocarcinoma shown by radiologic and pathologic examinations. (A) Chest CT scan reveals a mass in right lung. (B) Hematoxylin and eosin

staining shows a low differentiation adenocarcinoma (HE × 100).

for ulna fracture. He denied other prior disease and family
history. Percussion of right upper lung showed solid sound,
and auscultation suggested that the right lung breath sound
was weak. The chest computed tomography (CT) showed
a mass in the right lung (7.6 cm × 5.8 cm) with multiple
enlarged lymph nodes in mediastinum (Figures 1A, 2). Magnetic
resonance imaging (MRI) did not find any significant space-
occupying lesions in the brain. Percutaneous lung biopsy
was performed, and atypical cells were observed (Figure 1B).
Immunohistochemical staining showed positive expression for
thyroid transcription factor-1 (TTF-1), cytokeratin (CK) 8/18,
and CK7, as well as negative expression for CK5/6, novel aspartic
proteinase A (Napsin A), and P40. Pathological findings of the
lung biopsy established the diagnosis of lung low-differentiated
adenocarcinoma. Finally, his disease was diagnosed as right lung
adenocarcinoma (T3N2M0, IIIA).

The biopsy tissue was sent for next-generation sequencing
using a commercially customized pan-cancer 1,021-gene
panel that was described previously (12). A total of five
somatic mutations were detected (Table 1), including SDC4-
ROS1(EX2:EX32) and ROS1-GK (EX31:EX13) double ROS1
rearrangements with mutant allele frequency of 7.0 and 7.8%,
respectively (Figure 3). The other three mutations occurred
in NF1, ERBB4, and EPAS1 genes, respectively, without
corresponding targeted agents indicated.

Considering the existence of crizotinib-sensitive SDC4-ROS1
fusion, the patient was treated with crizotinib 250mg orally twice
daily as first-line treatment since May 2019. After 2 months
of treatment, the cough significantly improved, and a follow-
up CT suggested a partial response in the lung lesions (4.2 cm
× 3.3 cm) according to the Response Evaluation Criteria In
Solid Tumors v1.1. The follow-up CT examinations at 5 and 7
months after treatment showed that the lung lesion was stable
compared with previous examinations (Figure 2). In February
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FIGURE 2 | Timeline of diagnosis and treatment of the patient, with CT and MRI scans of lesions during the treatment of crizotinib additionally provided.

TABLE 1 | Gene mutation results of tissue before crizotinib.

Gene c.HGVS p.HGVS Functional

region

Allele

frequency

NF1 c.7324C>T p.L2442F EX49 7.6%

ERBB4 c.1976G>T p.G659V EX17 5.4%

EPAS1 c.469A>G p.K157E EX5 4.6%

GK-ROS1 NA Fusion EX13:EX31 7.8%

SDC4-ROS1 NA Fusion EX2:EX32 7.0%

c.HGVS, description of coding DNA (c.) variants by human genome variation society

(HGVS); p.HGVS, description of protein (p.) variants by HGVS.

2020, the patient was admitted to the hospital for 1 month
of progressively aggravated headache, dizziness, vomiting, and
nausea. The MRI revealed an iso-signal shadow with a diameter
of 0.8 cm and 2.1 cm in the right frontal lobe and parietal lobe,
respectively, suggesting metastatic lesions in the brain (Figure 2).
Then, the patient was treated with gamma knife to brain lesions
in March 2020. After radiotherapy, the headache of the patient
was basically relieved, with occasional dizziness and no severe
nausea and vomiting. Therefore, no further systemic treatment
was given. In May 2020, the patient reported slight fatigue
and no new symptoms and other obvious discomfort. Chest
CT was performed, and no significant change was found in
the lung lesions. Moreover, no significant abnormalities were
found during the brain MRI reexamination. In May 2020, the
patient began the treatment of traditional Chinese medicine
by himself. During the follow-up inquiry in July 2020, the
patient complained of anorexia, occasional nausea, and no other
discomfort symptoms.

DISCUSSION

This study firstly described the detection of double ROS1
rearrangements (SDC4-ROS1 and ROS1-GK) in a smoking
lung adenocarcinoma patient who showed the obvious but
unsustainable response to crizotinib treatment. After 8 months
of treatment, the patient developed symptoms of dizziness, and
novel brain lesions were found. ROS1 is one of 58 human
receptor tyrosine kinases and the only member of its own
subfamily (13). In this patient, exons 32–43 of ROS1 were
fused to exons 1–2 of SDC4. The fusion product retained the
entire ROS1 tyrosine kinase domain. SDC4 is a common fusion
partner of ROS1, constituting for 13% of ROS1 fusion in Chinese
patients, and intron 2 for SDC4 and intron 31 for ROS1 are
common breakpoint point locations (14). Patients with SDC4-
ROS1 rearrangement were enrolled into the clinical study to
access the efficacy of crizotinib in NSCLC patients with ROS1
fusion. The median PFS for all ROS1-positive patients, non-
CD74-ROS1 group and CD74-ROS1 group, was 12.63 months,
17.63 and 12.63 months, respectively (8). The 5′ ROS1 fusion was
ROS1-GK, which is a novel ROS1 fusion. GK gene is located at
chromosome Xp21.2 and includes 24 exons. GK gene is a protein
coding gene belonging to the FGGY kinase family, which is a
key enzyme in the regulation of glycerol uptake and metabolism
(15). The expression of GK gene in human lung epithelial cells
and NSCLC cells has been reported (16). In this novel ROS1-
GK fusion, the fusion breakpoint falls into intron 31 of ROS1;
the 5′ ROS1 region containing several fibronectin type III regions
and the 5′ GK region were both retained in the fusion product.
The ROS1-GK fusion itself was speculated to be nonfunctional
due to the absence of ROS1 tyrosine kinase domain. Given
the prominent efficacy of crizotinib in ROS1-rearranged NSCLC
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FIGURE 3 | (A) Sequencing reads of SDC4 and ROS1 are shown by the Integrative Genomics Viewer, and Schematic representation of the SDC4- ROS1 fusion

protein domain structure. (B) The Integrative Genomics Viewer snapshot of ROS1-GK fusion. Schematic representation of the ROS1-GK fusion protein domain

structure. Orange, SDC4; blue, ROS1; blue, ROS1; cyan, ADGRG6.
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patients, with the median PFS ranging from 15.9 to 19.3 months
in different clinical studies (17, 18), the relatively shorter PFS
in our case prompted us to explore potential negative factors
influencing crizotinib efficacy.

NSCLC patients with CD74-ROS1 fusion, concomitant
mutations, or >2 metastatic organs have been confirmed to have
a relatively inferior response to crizotinib treatment in previous
studies (8–11). In this case, the patient was initially diagnosed
as stage IIIA lung adenocarcinoma. Although three concomitant
mutations were detected simultaneously, these mutations have
not been reported to be oncogenic or influence the efficacy of
crizotinib. Therefore, known negative factors could not explain
the inferior survival in our patient. We noticed that several
studies reported the identification of double ALK fusions in
one patient, and high incidence of brain metastases and inferior
efficacy of crizotinib treatment in this special population (19–21).
ROS1 shares extensive amino acid homology withALK, especially
in the kinase domain (22), and is phylogenetically related to
ALK (23). Therefore, we speculated that GK-ROS1 fusion in our
case might contribute to the unsustainable response to crizotinib.
GK, ROS1, and SDC4 are located on chromosome X, 6, and
20, respectively. Double ROS1 fusions identified in our patient
suggested the more complex chromosomal abnormality, which
might be associated with poor prognosis. Further in vitro or in
vivo researches may provide a stronger evidence supporting that
the patient harboring double ROS1 translocations (GK-ROS1 and
SDC4-ROS1) was sensitive to crizotinib treatment. Because of the
low incidence rate of ROS1 fusion in NSCLC, only one case was
reported in our study. Large-scale investigations on the efficacy of
ROS1 inhibitors in patients with complex ROS1 fusions should be
conducted in the future.

CONCLUSION

In summary, the novel double ROS1 rearrangements were firstly
identified in a smoking, lung adenocarcinoma patient, and he
responded to crizotinib in a relatively short time in first-line
treatment. The shorter PFS may be associated with the presence
of double ROS1 rearrangements. Besides classical ROS1 fusion,

the identification of other concomitant ROS1 fusions using next-
generation sequencing might predict the survival outcomes of
crizotinib treatment.
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